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(54) Method and apparatus of controlling power supplied to laser diode 



(57) A method and apparatus for controlling the 
power of a laser diode (1 60), which can prevent fluctua- 
tion in the laser power of the laser diode (1 60) at a 
record/playback area of an optical disc (1 B0). The appa- 
ratus for controlling the power of the laser diode 
includes a controller (300) for providing an automatic 
power control of the laser diode (APC controller), inter- 
posed between an up/down counter (208) and a laser 
diode driver (140), the APC controller (300) for latching 



the output of the up/down counter (208) in synchronism 
with a periodic synchronization signal, and outputting 
the latch result to the laser diode driver (140). There- 
fore, the power level of the faser diode (1 60) can be peri- 
odically controlled according to the sub-divided control 
modes, so that the laser power Jevel remains resilient to 
external noise, compared to continuous control opera- 
tion through the entire mode. 
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Description 

[0001] The present invention relates to a method 
and apparatus of controlling power supplied to a laser 
diode to an optimal level in an optical recording/play- 5 
back apparatus, and more particularly, to a method and 
apparatus of controlling the power supplied to a laser 
diode, so that fluctuation in the power of the laser diode, 
which occurs at a record/playback area of an optical 
disc, can be prevented. 10 
[0002} With the advent of multimedia, the demand 
for high-density recording medium has increased Such 
high-capacity recording mediums include magnetic opti- 
cal disc drives (MQDD), digital versatile disc-read only 
memory (DVD-ROM) drives, DVD-random access 15 
memory (DVD-RAM) drives and the like. 
[0003] Such optical recording apparatuses must be 
optimized with high -accuracy depending on the type of 
optical recording media used. In order to ensure accu- 
rate recording/playback of data, such optical recording 20 
apparatuses includes an automatic laser diode power 
control (APC) circuit for controlling the power applied to 
a laser diode (LD). 

[0004] Figure 1 is a block diagram showing the 
structure of an APC circuit in a conventional optical 25 
recording apparatus. In Figure 1 , reference numeral 120 
represents a write waveform generator for generating 
write pulses to form spaces and marks according to 
data to be recorded, reference numeral 140 represents 
a LD driver for controlling the power of a LD 1 60 accord- 30 
ing to the write pulses generated by the write waveform 
generator 120. Data to be recorded is input to the write 
waveform generator 120. in the form of a non return to 
zero inverted (NRZI) signal. Also, in the case of a DVD- 
RAM, a combination of a first pulse, a last pulse, a cool- 35 
ing pulse and a multi-pulse train is output 
[0005] An APC circuit 200 includes a photo diode 
(PD) 202, a variable gain amplifier (VGA) 204, a compa- 
rator (COMP) 206, an up/down counter 208 and a dig- 
itaf-to-analog converter (DAC) 210. The PD 202 40 
receives laser beams reflected by a disc 1 B0, and gen- 
erates a current signal corresponding to the amount of 
received laser beam. The VGA 204 amplifies the current 
signal from the PD 202 to a predetermined gain and 
converts the current signal into a voltage signal. The 45 
COMP 206 compares the output from the VGA 204 1o a 
reference voltage Vref, and outputs a binary decision 
signal indicating which one is higher than the other, 
according to the comparison result 

[0006] The up/down counter 208 performs up or 50 
down counting based on the comparison result from the 
COMP 206. If the decision signal from the COMP 206 
represents that the output from the VGA 204 is higher 
than the reference voltage Vref, for example, if the deci- 
sion signal is low, the up/down counter 208 performs 55 
up-counting. Meanwhile, if the decision signal repre- 
sents that the output from the VGA 204 is lower than the 
reference voltage Vref, for example, if the decision sig- 



nal is high, the up/down counter 208 performs down- 
counting. The count result from the up/down counter 
208 is applied through the DAC 210 to the LD driver 
140. The LD driver 140 controls amount of power sup- 
plied to the LD 160 according to the amplitude of the 
signal applied from the DAC. 

[0007] The APC circuit 200 of Figure 1 detects the 
difference between the output level of the LD 1 60, which 
is detected by the PD 202, and the reference voltage, 
and controls the power supplied to LD 160 in accord- 
ance with the detected difference. However, in the APC 
circuit 200 of Figure 1 , the output from the LD 1 60 con- 
tinuously chpiDQe^teven at an effective data area of the 
disc 180 duptk>fccontinuous operating characteristic of 
the up/down counter 208. Thus, it is difficult to obtain an 
accurate recording/playback result. In addition, the APC 
200 is susceptible to external noise. 
[0008] An aim of embodiments of the present inven- 
tion is to provide an improved method of controlling the 
power supplied to a laser diode (LD) even at the effec- 
tive data area of a disc. 

[0009] Another aim of embodiments of the present 
invention is to provide an apparatus for controlling the 
power of a LD by this method. 

[0010] According to a first aspect of the present 
invention, there is provided a method for controlling the 
power of a laser diode by using a difference between a 
laser level reflected by a disc and a reference level, the 
difference being detected after the laser level reflected 
by the disc is compared with the reference level, the 
method comprising the steps of: (a) generating a peri- 
odic synchronization signal; and (b) controlling the 
power of the laser diode in synchronism with the syn- 
chronization signal. 

[0011] Preferably, the step (b) comprises the sub- 
steps of: (b1 ) latching the power level of the laser diode 
in response to the synchronization signal; (b2) compar- 
ing the latched output level with the reference level; and 
(b3) controlling the power level of the laser diode 
according to the difference between the latched output 
level and the reference level, which is obtained in the 
sub-step (b2). 

[0012] Preferably, the sub-step (b1), the synchroni- 
zation signal has a predetermined enable interval, and 
the power level of the laser diode is latched during the 
enable interval. 

[0013] In the sub-step (b1), the power level of the 
laser diode may be sampled during the enable interval, 
and the average of the sampled power levels latched. 
[0014] The disc may be a digital versatile disc-ran- 
dom access memory (DVD-RAM), and the synchroniza- 
tion signal is a mirror signal indicating an mirror area of 
the DVD-RAM. Alternatively, the disc may be a digital 
versatile disc-random access memory (DVD-RAM), and 
the synchronization signal is a gap signal indicating a 
gap area of the DVD- RAM. In a further alternative, the 
disc may be a digital versatile disc-random access 
memory (DVD-RAM), and the synchronization signal is 
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obtained by dividing a clock signal required to drive the 
DVD- RAM, the division ratio may be variable, 
[0015] The step (b) may comprise the sub-steps of: 
(b1) sampling control values designating the power level 
of the laser diode, in synchronism with the synchro niza- 5 
tion signal; (52) calculating the average of a predeter- 
mined number of the sampled control values; and (b3) 
controlling the power level of the laser diode with the 
average of the sampled control values. The synchroni- 
zation signal may be obtained by dividing a clock signal 10 
required to drive the disc. In this case, the division ratio 
may be variable. 

[0016] According to a second aspect of the inven- 
tion, there is provided an apparatus for controlling the 
power of a laser diode, comprising: a photo diode for 15 
receiving laser light reflected by a disc to generate a 
current signal corresponding to the level of the received 
laser; a comparator for comparing the output from the 
photo diode with a reference voltage and outputting a 
binary decision signal which indicates which input for 20 
the comparison is higher than the other input; an 
up/down counter for up/down counting the binary deci- 
sion signal in accordance with the comparison result of 
the comparator; a laser diode driver for controlling a 
power level of the laser diode according to the count 25 
result of the up/down counter; and a controller for pro- 
viding an automatic power control of the laser diode 
(APC controller), interposed between the up/down 
counter and the laser diode driver, the APC controller 
being arranged for latching the output of the up/down 30 
counter in synchronism with a periodic synchronization 
signal ( and outputting the latch result to the laser diode 
driver 

[0017] The synchronization signal may have a pre- 
determined enable interval, and the APC controller may 35 
latch the output from the up/down counter at the end of 
the enable interval. 

[0018] The APC controller may sample the output 
from the up/down counter during the enable interval, 
and tatch the average of a predetermined number of the 40 
sampled outputs, 

[00191 The disc may be a digital versatile disc-ran- 
dom access memory {DVD-RAM), and the synchroniza- 
tion signal is a mirror signal indicating an mirror area of 
the DVD-RAM. Alternatively, the disc may be a digital 4s 
versatile disc-random access memory (DVD- RAM), and 
the synchronization signal is a gap signal indicating a 
gap area of the DVD-RAM. In a further alternative, the 
disc may be a digital versatile disc-random access 
memory (DVD-RAM), and the synchronization signal is so 
obtained by dividing a clock signal required to drive the 
DVD-RAM, in which case, the division ratio may be var- 
iable. 

[0020] The APC controller may sample sampling 
control values designating the power level of the laser 55 
diode, in synchronism with the synchronization signal, 
and latch a predetermined number of sampled control 
values. The synchronization signal may be obtained by 



dividing a cfock signal required to drive the DVD-RAM. 
The division may be variable. 

[0021] For a better understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of 
example, to the accompanying diagrammatic drawings 
in which: 

Figure 1 is a block diagram showing the structure of 
a conventional automatic laser diode power control 
(APC) circuit; 

Figure 2 is a block diagram showing the structure of 
an apparatus for controlling the power supplied to a 
laser diode (LD) according to an embodiment of the 
present invention; 

Figure 3 illustrates relationship between the sector 
format of a digital versatile disc- random access 
memory (DVD-RAM) and mirror and gap signals; 

Figure 4 shows waveforms illustrating the operation 
of the apparatus of Figure 2; and 

Figure 5 is a block diagram showing a detailed 
structure of the apparatus of Figure 2. 

[0022] Referring to Figure 2, which is a block dia- 
gram showing the structure of an apparatus for control- 
ling the power supplied to a laser diode (hereinafter, 
referred to as automatic laser diode power control 
(APC) circuit), elements that perform the same as those 
of Figure 1 are represented by the same reference 
numerals as those used in Figure 1, and an explanation 
thereof will be omitted. Reference numeral 300 repre- 
sents an APC controller and reference numeral 31 0 rep- 
resents a control signal generator. 
[0023] The APC controller 300 controls the output 
from the digital-to-analog converter (DAC) 21 0 accord- 
ing to the selected APC mode. In the present invention, 
the APC mode includes a sub-APC mode, an average 
APC mode and a sub-average APC mode. The sub- 
APC mode refers to a mode where the APC is control- 
led at a non-data record area of a disk and the control 
value is maintained up to the following area of the disc. 
In a digital versatile disc-random access memory (DVD- 
RAM), the non-data record area includes, for example, 
a mirror or gap area. 

[0024] In the average APC mode, the average of 
the current control value from the DAC 210 and a previ- 
ous control value obtained prior to a predetermined time 
through APC control performed preceding the current 
APC control is provided to the laser diode (LD) driver 
140. Also, in the sub-average APC mode, an average of 
control values from the non-data record area of the disc, 
such as mirror or gap area is obtained, and the average 
is maintained up to the following area of the disc. 
[0025] The control signal generator 310, which Is 
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controlled by a microcomputer (not shown), controis an 
operating mode and operating area of the APC control- 
ler 300 while a mirror or gap signal MIRROR/GAP is 
applied. 

[0026] Figure 3 illustrates the relationship between s 
the format of a sector of a DVD -RAM, and mirror and 
gap signals. The sector of DVD-RAM essentially 
includes a header area, a mirror area 402 and a data 
recording area A header signal for tracking control is 
recorded in the header area, and no signal is recorded 
in the mirror area 402 according to specifications. In the 
data record area which includes a gap area 404, a sec- 
tor address, data and the like are recorded. As shown in 
Figure 3, a mirror signal MIRROR indicates the mirror 
area 402 of a disk and a gap signal GAP Indicates the 
gap area 404 of the disk. 

[0027] In Figure 4, which shows waveforms illustrat- 
ing the operation of the APC circuit shown in Figure 2, a 
waveform (a) represents a waveform of a mirror or gap 
signal MIRROR/GAR a waveform (b) represents laser 
power fluctuation in the conventional APC circuit shown 
in Figure 1, in which APC is performed over the entire 
area of the disc. Also, waveforms (c) through (e) illus- 
trate laser power fluctuation in the sub-APC mode, the 
average APC mode and the sub-average APC mode, 
respectively, in the APC circuit shown in Figure 2. 
[0026] As shown in the waveform (c) of Figure 4, in 
the sub-APC mode, a control value, which is latched at 
the end of the mirror or gap area, is maintained up to the 
following mirror or gap area. Also, in the average APC 
mode, shown in the waveform (d), the average of control 
values is used, so that the laser power does not sharply 
change within an APC range. In the sub-average APC 
mode shown in the waveform (e), the average of control 
values in the mirror or gap area is maintained up to the 
next mirror or gap area. 

[0029] In the sub-APC mode or sub-average APC 
mode, the APC circuit of Figure 2 performs APC over a 
period of one sector because the mirror and gap signals 
MIRROR/GAP are generated once every sector. Also, 
since the APC is performed in a non-data record area 
such as a mirror area, or in an area that is not used, 
such as gap area, continuous fluctuation in laser power 
does not occur. 

[0030] In the average APC mode, the APC circuit 
shown in Figure 2 shows resilience against external 
noise, by using the average of the current and preced- 
ing control values. That is, the average APC mode pro- 
vides an effect of low-pass-filtering the control values, 
so that the APC operation in the average APC mode is 
resilient against external noise that may contain a radio 
frequency (RF) component 

[0031] Figure 5 is a block diagram showing a 
detailed structure of the APC circuit of Figure 2. In Fig- 
ure 5, elements which perform in the same manner as 
those of Figure 1 are represented by the same refer- 
ence numerals as those used in Figure 1. The gain of 
the VGA 204 is varied according to control signals WR 



and ER, which are applied thereto. The comparator 
(COMP) 206 includes a first COM P 206a which is used 
in a playback mode, and a second COMP 206b which is 
used in erase and record modes. The up/down counter 
208 includes five counters 208a through 208e. The first 
up/down counter 208a is used in a read mode, the sec- 
ond up/down counter 208b is used for lands in the erase 
mode, the third up/down counter 208c is used for 
grooves in the erase mode, the fourth up/down counter 
208d is used for lands in the erase and record modes, 
and the fifth up/down counter 20 8e is used for grooves 
in the erase and record modes. 

[0032] The DAG v210 includes three DACs 210a 
through 210c. Ths^fijsst DAC 210a is used in the read 
mode, the second U AO 210b is used in the erase mode, 
and the third DAC 21 Oc is used in the record mode. 
Also, a MUX 212 including first and second MUXs 212a 
and 212b couples the second through fifth counters 
208b through 208e, to the second and third DACs 21 Ob 
and 21 Oc, according to whether the current mode is the 
erase or record mode and whether the current track is a 
land or groove. The first MUX 21 2a is used to couple the 
second and third counters 208b and 208c to the second 
DAC 210b in the erase mode, and the second MUX 
212b is used to couple the fourth and fifth counters 
208d and 208e to the third DAC in the record mode. 
[0033] A BUF 214 including first through third BUFs 
214a through 214c buffers the outputs from the first 
through third DACs 21 Oa through 210c in the read mode 
and provide the buffered results to the LD driver 1 40. In 
the read mode, the first BUF 214a buffers the output 
from the first DAC 21 Oa and outputs the result to the LD 
driver 140, the second BUF 214b buffers the output 
from the second DAC 21 Ob and outputs the result to the 
LD driver 1 40, and the third BUF 21 4c buffers the output 
from the third DAC 21 Oc and outputs the result to the LD 
driver 1 40. 

[0034] First and second reference voltages Vrefl 
and Vref2 are provided to the COMP 206 by the opera- 
tion of latches 216 and 217, fourth and fifth DACs 218 
and 21 9, fifth and fourth BUFs 220 and 221 , and a third 
MUX 222. The latch 216, which is for use in a read 
mode, latches a reference data RD1 which is provided 
from the microcomputer in the read mode, and provides 
the latched data to the fourth DAC 218. The fourth DAC 
218 converts the latched data into analog data, and the 
fourth BUF 220 outputs the analog data from the fourth 
DAC 218, as the first reference voltage Vrefl for the 
read mode, to the first COMP 206a. The latch 217, 
which is for use in erase and record modes, latches ref- 
erence data RD2_1 , RD2_2, RD2_3 and RD2_4 which 
are provided from the microcomputer in the erase and 
record modes. The latch 217 includes first through 
fourth latches 217a through 21 7d. The first latch 217a 
latches the reference data RD2_1 for the erase mode 
and lands, the second latch 217b latches the reference 
data RD2_2 for the erase mode and grooves, the third 
latch 21 7c latches the reference data RD2_3 for the 
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record mode and lands, and the fourth latch' 21 7d 
latches the reference data RD2J3 for the record mode 
and grooves. 

[0035] The third MUX 222 selectively outputs one of 
the outputs from the first through fourth latches 217a 
through 21 7d according to whether the current mode is 
the erase or record mode and whether the current track 
is a land or groove. The fifth DAC 219 converts the data 
from the third MUX 222 into analog data, and the fifth 
BUF 221 outputs the analog data from the fifth DAC 
219, as the second reference voltage Vref2 for the 
erase and record modes, to the second COMP 206b. 
Here, the number of up/down counters, DACs and 
CO MPs may be varied. 

[0036] The APC controller 300 controls the value to 
be provided to the DAC 21 0 in accordance with the APC 
mode selected by the microcomputer. The control signal 
generator 310, which is controlled by the microcom- 
puter, controls the operating mode and operating area 
of the APC controller 300 while the mirror or gap signal 
MIRROR/GAP is applied. A divider 320 divides a refer- 
ence clock signal CK of a drive to generate a periodic 
signal. In a disc such as a DVD-RAM, which has no mir- 
ror or gap area, the control signal generator 310 con- 
trols the operating mode and operating area of the APC 
controller 300 according to a division signal DV from the 
divider 320. In such cases, the APC operation is period- 
ically performed. Also, the period of the APC operation 
can be controlled by varying a division ratio in the 
divider 320. 

[0037] Hereinafter, the operation of the APC circuit 
shown in Figure 5 will now be described in greater detail 
according to the APC modes. 

1) Sub-APC mode 

[0038] The APC circuit of Figure 5 performs APC 
operations over a period of one sector in the sub- APC 
mode, and maintains the control value latched at the 
current mirror or gap area up to the following mirror or 
gap area. The latching at the mirror or gap area can be 
performed at any point throughout the entire area, and 
preferably, at the end point of the area. 
[0039] The sub-APC mode is set by the control of 
the microcomputer. The control signal generator 310 
generates a control signal, under the control of the 
microcomputer, which controls the APC controller 300 
such that it operates in the sub-APC mode. Also, the 
control signal can control the APC controller 300 such 
that it operates while the mirror or gap signal MIR- 
ROR/GAP, or the division signal DV is applied. 
[0040] The APC controller 300 latches a signal from 
the up/down counter 208, or the MUX 212, while it is 
enabled by the mirror or gap signal MIRROR/GAP, or 
the division signal DV. In the present embodiment, the 
APC controller 300 can latch and process 8 samples in 
the mirror or gap area. The control value latched by the 
APC controller 300 is applied through the DAC 10 and 



the BUF 214 to the LD driver 140. 
[0041] In the sub-APC mode, the APC controller 
300 performs latching in a period of the mirror or gap 
Signal MIRROR/GAP or of the division signal DV, so that 
s the latched control value can be maintained until the fol- 
lowing mirror or gap signal MIRROR/GAP, or division 
signal DV is applied. Thus, the power of the LD 160 can 
be maintained until the following mirror or gap signal 
MIRROR/GAP or division signal DV is applied. 

10 

2) Average APC mode 

[0042] in the average APC mode, the APC circuit of 
Figure 5 controls the LD driver 140 with the average of 

is control values for a predetermined period. The average 
APC mode is set by the control of the microcomputer. 
The control signal generator 310 generates a control 
signal under the control of the microcomputer, which 
controls the APC controller 300 such that it operates in 

20 the average APC mode- 

[0043] The APC controller 300 samples control val- 
ues from the up/down counter 208a or the MUX 212, 
and calculates the average of a predetermined number 
of the sampled values. The average is applied to the LD 

25 driver 1 40 through the DAC 21 0 and the BUF 214. In the 
average APC mode, the APC controller 300 controls the 
power of the LD 1 60 with the average of control values 
output for a predetermined period. The average APC 
mode provides an effect of low-pass-fiftering control val- 

3o ues, so that the APC operation in the average APC 
mode is resilient against external noise, which may con- 
tain an RF component. 

3) Sub-average APC mode 

35 

[0044] In the sub-average APC mode, the APC cir- 
cuit of Figure 5 performs APC operation in a period of 
one sector, and maintains the average of the control val- 
ues generated during the mirror or gap area up to the 

40 following mirror or gap area. The sub-average APC is 
set by the control of the microcomputer The control sig- 
nal generator 310 generates a control signal under the 
control of the microcomputer, which controls the APC 
controller 300 such that it operates in the sub-average 

45 APC mode. 

[0045] The APC controller 300 calculates the aver- 
age of the control values from the up/down counter 208 
or the MUX 21 2, while it is enabled by the mirror or gap 
signal MIRROR/GAR or the division signal DV, and 

50 latches the calculated average. In the present embodi- 
ment, 8 samples at the mirror or gap area are latched 
and processed. The average latched by the APC con- 
troller 300 is applied to the LD driver 140 through the 
DAC 210 and the BUF 214. 

55 [0046] In the sub-average APC mode, the APC con- 
troller 300 latches the average of the control values in a 
period of the mirror or gap signal MIRROR/GAP, or of 
the division signal DV, so that the latched average of 
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control values is maintained until the following mirror or 
gap signal MIRROR/GAR or division signal DV is 
applied. In addition, controlling the power of the LD 160 
with the average of control values generated during 
when the mirror or gap signal MIRROR/GAP, or division 
signal DV is applied, provides an effect of performing 
low-pass-filtering, the APC operation in the sub-average 
APC mode is resilient against external noise which may 
include an RF component. 

4) Read mode 

[0047] In the read mode, APC operation is per- 
formed by a loop which includes the latch 216, the 
fourth DAC 218, the fourth buffer 220, the first COMP 
206a, the first up/down counter 208a, the APC control- 
ler 300, the first DAC 210a, the first BUF 214a, the LD 
driver 140, the LD 160, the PD 202 and the VGA 204, 
When the microcomputer is initialized, a desired power 
level for the LD 160 is simultaneously stored in the latch 
216 for the read mode. The operation of the LD 160 is 
started by the power level stored in the latch 21 6. 
[0048] The fourth DAC 21 B converts the latched 
data from the latch 216 into analog data, and the fourth 
BUF 220 outputs the analog data from the fourth DAC 
218, as the first reference voltage Vrefl for the read 
mode, to the first COMP 206a, The first up/down coun- 
ter 208a counts the decision signal from the first COMP 
206a, the first DAC 21 Oa converts the count value from 
the first up/down counter 208a into an analog value, and 
the first BUF 214a buffers the output from the first DAC 
21 Oa, and provides the result to the LD driver 140, 
[0049] The LD 160 outputs the power under the 
control of the LD driver 140, and the PD 202 detects the 
power level. The detected power level Is provided as 
one input of the first COMP 206a through the VGA 204. 
If the power from the LD 160 is higher than the power 
level which is latched by the latch 21 6, the decision sig- 
nal from the first COMP 206a is asserted to a logic low, 
so that the first up/down counter 208a downcounts the 
decision signal by one. Accordingly, a lower control 
value is applied to the LD driver 140, and thus the power 
level from the LD 160 is decreased. Meanwhile, if the 
power from the LD 1 60 is lower than the power level 
which is latched by the latch 21 6, the decision signal 
from the first COMP 206a is asserted to a logic high, so 
that the first up/down counter 208a upcounts the deci- 
sion signal by one. Accordingly, a higher control value is 
applied to the LD driver 140, thereby raising the power 
level from the LD160, 

[0050] The above operation is continued until the 
power level from the LD 1 60 reaches the power level 
latched by the latch 216, 

5) Erase mode 

[0051] In the erase mode, APC operation is per- 
formed by a loop which includes the latch 21 7, the third 



MUX 222, the fifth DAC 21 9, the fifth buffer 221 , the sec- 
ond COMP 206b, the second and third up/down 
counters 208b and 208c, the first MUX 212a, the APC 
controller 300, the second DAC 210b, the second BUF 

5 214b, the LD driver 140, the LD 160, the PD 202 and the 
VGA 204. When the microcomputer is initialized, a 
desired power level for the LD 160 is simultaneously 
stored in the latch 21 7 for the erase and record modes. 
The operation of the LD 1 60 is started by the power 

ro level stored in the latch 21 7. 

[0052] In the erase mode, the optical output of a 
disc such as a DVD- RAM must be varied according to 
the type of tracks (lands pr ; grooves), and thus the first 
latch 217a for lands ar;d^the second latch 217b for 

15 grooves are used. The third MUX 222 selects the output 
of the first latch 217a or the second latch 217b accord- 
ing to the type of tracks. In particular, a signal for identi- 
fying lands or grooves, which is generated in a tracking 
servo control circuit, is used. 

20 [0053] The fifth DAC 21 9 converts the data from the 
third MUX 222 into analog data, and the fifth BUF 221 
outputs the analog data from the fifth DAC 219, as the 
second reference voltage Vref2 for the erase mode, to 
the second COMP 206b. The up/down counter 208 

25 counts the decision signal from the second COMP 
206b, In particular, the second up/down counter 208b 
for lands and the third up/down counter 208c for 
grooves, are used according to whether the track is a 
land or groove. The first MUX 21 2a selects the output of 

30 the second up/down counter 208b or the third down/up 
counter 208c, according to the type of tracks, 
[0054] The second DAC 210b converts the count 
value from the second or third up/down counter 208b or 
208c into an analog value, and the second BUF 214b 

35 buffers the analog value from the second DAC 210b, 
and provides the result to the LD driver 1 40. The LD 1 60 
outputs the power under the control of the LD driver 
140, and the PD 202 detects the power level. The 
detected power level is provided as one input of the sec- 

4o ond COMP 2C6b through the VGA 204, 

6) Record mode 

[0055] In the record mode, APC operation is per- 
45 formed by a loop which includes the latch 217, the third 
MUX 222, the fifth DAC 21 9, the fifth buffer 221 , the sec- 
ond COMP 206b, the fourth and fifth up/down counters 
208d and 208e, the second MUX 212b, the APC con- 
troller 300, the third DAC 210c the third BUF 214c, the 
so LD driver 140, the LD 160, the PD 202 and the VGA 
204. When the microcomputer is initialized, a desired 
power level for the LD 160 is simultaneously stored in 
the latch 217 for the erase and record modes. The oper- 
ation of the LD 160 is started by the power level stored 
55 in the latch 217. 

[0056] In the record mode, the optical output of a 
disc such as a DVD-RAM must be varied according to 
the type of tracks (lands or grooves), and thus the third 



BNSDOCK* <EP 1058246A2J,> 



11 

latch 217c for lands and the fourth latch 217b for 
grooves are used. The third MUX 222 selects the output 
of the third latch 21 7c or the fourth latch 217b according 
to the type of tracks, 

[0057] The fifth DAC 21 9 converts the data from the 5 
third MUX 222 into analog data, and the fifth BUF 221 
outputs the analog data from the fifth DAC 219, as the 
second reference voltage Vref2 for the record mode, to 
the second COMP 206b. The up/down counter 208 
counts the decision signal from the second COMP w 
206b. In particular, the fourth up/down counter 208d for 
lands and the fifth up/down counter 208e for grooves, 
are used according to whether the track is a land or 
groove. The second MUX 212b selects the output of the 
fourth up/down counter 208d or the fifth down/up coun- rs 
ter 208e, according to the type of tracks. 
[0058] The third DAC 21 Oc converts the count value 
from the fourth or fifth up/down counter 208d or 208e 
into an analog value, and the third BUF 214c buffers the 
analog value from the third DAC 21 0c, and provides the 20 
result to the LD driver 140. The LD 160 outputs the 
power under the control of the LD driver 140, and the 
PD 202 detects the power level. The detected power 
level is provided as one input of the second COMP 206b 
through the VGA 204. 25 
[0059] fn the present embodiment, the APC circuit 
according to the present invention periodically operates 
according to the three sub-divided APC modes, that is, 
according to the sub- A PC mode, the average APC 
mode and the sub-average APC mode. However, the 30 
APC circuit can also operate continuously through the 
entire APC mode, as does the conventional APC circuit 
shown in Figure 1 . 

[0060] As described above, the APC circuit accord- 
ing to the present invention periodically controls the 35 
power level of the LD, unlike the conventional APC cir- 
cuit having the continuous operating characteristic, so 
that the laser power Jevel may remain constant, and 
resilience to external noise can also be obtained. Also, 
the APC operation is performed at a non-effective data 40 
area, not at the effective data area, so that accurate 
recording/playback result can be ensured. 
[0061] While this invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it will be understood by those 4$ 
skilled in the art that various changes in form and details 
may be made therein without departing from the spirit 
and scope of the invention as defined by the appended 
claims. 

[0062] The reader's attention is directed to all so 
papers and documents which are filed concurrently with 
or previous to this specification in connection with this 
application and which are open to public inspection with 
this specification, and the contents of all such papers 
and documents are incorporated herein by reference. 55 
[0063] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings)* and/or all of the steps of any method or proc- 
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ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0064] Each feature disclosed in this specification 
(including any accompanying claims, abstract and 
drawings), may be replaced by alternative features 
serving the same, equivalent or similar purpose, unless 
expressly stated otherwise. Thus, unless expressly 
stated otherwise, each feature disclosed is one example 
only of a generic series of equivalent or similar features. 
[0065] The invention is not restricted to the details 
of the foregoing embodiments). The invention extend to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any 
method or process so disclosed. 

Claims 

1. A method for controlling the power of a laser diode 
by using a difference between a laser level reflected 
by a disc and a reference level, the difference being 
detected after the laser level reflected by the disc is 
compared with the reference level, the method 
comprising the steps of: 

(a) generating a periodic synchronization sig- 
nal; and 

(b) controlling the power of the laser diode in 
synchronism with the synchronization signal. 

2. The method of claim 1, wherein the step (b) com- 
prises the sub-steps of: 

(bi) latching the power level of the laser diode 
in response to the synchronization signal; 

(b2) comparing the latched output level with the 
reference level; and 

(b3) controlling the power level of the laser 
diode according to the difference between the 
latched output level and the reference level, 
which is obtained in the sub-step (b2), 

3. The method of claim 2, wherein in the sub-step 
(b1), the synchronization signal has a predeter- 
mined enable interval, and the power level of the 
laser diode is latched during the enable interval. 

4* The method of claim 3, wherein in the sub-step 
(b1), the power level of the laser diode is sampled 
during the enable interval, and the average of the 
sampled power levels is latched. 

5, The method of claim i p wherein the step (b) conv 
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prises the sub-steps of: 

(b1) sampling control values designating the 
power level of the laser diode, in synchronism 
with the synchronization signal; 5 
(b2) calculating the average of a predeter- 
mined number of the sampled control values; 
and 

(b3) controlling the power level of the laser 
diode with the average of the sampled control 10 
values. 

6. The method of claim 5, wherein the synchronization 
signal is obtained by dividing a clock signal required 

to drive the disc. 15 

7. The method of claim 6, wherein the division ratio 
can be varied. 

8. An apparatus of controlling the power of a laser 20 
diode, comprising: 

a photo diode (202) for receiving laser light 
reflected by a disc (180) to generate a current 
signal corresponding to the level of the 25 
received laser; 

a comparator (206) for comparing the output 
from the photo diode (202) with a reference 
voltage and outputting a binary decision signal 30 
which indicates which input for the comparison 
is higher than the other input; 

an up/down counter (208) for up/down counting 
the binary decision signal in accordance with 35 
the comparison result of the comparator (206); 

a laser diode driver (140) for controlling a 
power level of the laser diode (160) according 
to the count result of the up/down counter 40 
(208); and 

a controller (300) for providing an automatic 
power control of the laser diode (160) (APC 
controller), interposed between the up/down 45 
counter (20B) and the laser diode driver (140), 
the APC controller (300) being arranged for 
latching the output of the up/down counter 
(208) in synchronism with a periodic synchroni- 
zation signal, and outputting the latch result to so 
the laser diode driver (140), 

9. The apparatus of claim 8, wherein the synchroniza- 
tion signal has a predetermined enable interval, 
and the APC controller (300) latches the output 55 
from the up/down counter (208) at the end of the 
enable intervaL 



10. The apparatus of claim 9, wherein the APC control- 
ler (300) samples the output from the up/down 
counter (208) during the enable interval, and 
latches the average of a predetermined number of 
the sampled outputs, 

11. The method of claim 1 or the apparatus of claim 8, 
wherein the disc (1 80) is a digital versatile disc-ran- 
dom access memory (DVD-RAM), and the synchro- 
nization signal is a mirror signal indicating an mirror 
area of the DVD-RAM. 

12. The method of claim 1 or tfie apparatus of claim 8, 
wherein the disc (180) is a digital versatile disc-ran- 
dom access memory (DVD-RAM), and the synchro- 
nization signal is a gap signal indicating a gap area 
of the DVD-RAM, 

13. The method of claim 1 or the apparatus of claim 8, 
wherein the disc (1 80) is a digital versatile disc-ran- 
dom access memory (DVD-RAM), and the synchro- 
nization signal is obtained by dividing a clock signal 
required to drive the DVD-RAM. 

14. The method or apparatus of claim 13, wherein the 
division ratio can be varied. 

15. The apparatus of claim 8, wherein the APC control- 
ler (300) samples sampling control values designat- 
ing the power level of the laser diode, in 
synchronism with the synchronization signal, and 
latches a predetermined number of sampled con- 
trol values, 

16. The apparatus of claim 15, wherein the synchroni- 
zation signal Is obtained by dividing a clock signal 
required to drive the DVD-RAM. 

17. The apparatus of claim 16, wherein the division 
ratio can be varied. 
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(54) Method and apparatus of controlling power supplied to laser diode 



(57) A method and apparatus for controlling the 
power of a laser diode (1 60), which can prevent fluctu- 
ation in the laser power of the laser diode (160) at a 
record/playback area of an optical disc (180). The ap- 
paratus for controlling the power of the laser diode in- 
cludes a controller (300) for providing an automatic pow- 
er control of the laser diode (APC controller), interposed 
between an up/down counter (208) and a laser diode 



driver (140), the APC controller (300) for latching the 
output of the up/down counter (208) in synchronism with 
a periodic synchronization signal, and outputting the 
latch result to the laser diode driver (140). Therefore, 
the power level of the laser diode (1 60) can be periodi- 
cally controlled according to the sub-divided control 
modes, so that the laser power level remains resilient to 
external noise, compared to continuous controf opera- 
tion through the entire mode. 
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